Many open wounds in the extremities involve peripheral nerve injuries. Although simple nerve crushes generally recover without surgical interference, complete or partial nerve transections lead to degeneration of the axonal segment distal to the lesion, and nerves often fail to regenerate. To facilitate the regeneration of cut nerves, the two nerve stumps are surgically realigned. In spite of this surgical treatment, the transected nerve stumps tend to retract and the resulting gap needs to be filled with new tissue (a ''nerve bridge''). Schwann cells (the glial cells that normally ensheath and myelinate peripheral axons) dedifferentiate to a progenitor/stem cell state, proliferate, and migrate into the nerve wound forming an environment that is supportive for axonal growth; they produce trophic factors to support the injured axons and prevent the neurons from undergoing apoptosis (Heumann et al., 1987) . Fibroblasts accumulate at the nerve wound and secrete proteins that promote scar formation, angiogenesis, and inflammation. How the different cell types communicate with each other to orchestrate the formation of a regenerative microenvironment is poorly understood. In this issue, Parrinello and colleagues (Parrinello et al., 2010) show that ephrin signaling between fibroblasts and Schwann cells is a key mediator of this process.
To study the early stages of peripheral nerve repair, the authors perform complete transections of the rat sciatic nerve. The sciatic nerve is a mixed motor/sensory nerve that originates in the sacral plexus and branches in the thigh region into smaller nerves innervating several hindleg muscles and parts of the hindleg skin. In contrast to neurons in the central nervous system, the axons of muscle-innervating motoneurons in the periphery and those of skin-innervating sensory neurons have a high capacity to regenerate. A temporal analysis of cell migration and axon behavior during the first 7 days after the nerve cut reveals that nonmyelinating Schwann cells collectively migrate into the nerve bridge from both stumps as discrete cell cords, which eventually meet in the middle of the gap. There they are surrounded and contacted by fibroblasts but do not appear to intermingle, suggesting a cell sorting event. Migrating Schwann cells are closely followed by regenerating axons from the proximal stump, consistent with the model that Schwann cells guide regenerating axons across the injury site (McDonald et al., 2006) (Figure 1 ).
Parrinello and coworkers reasoned that the sorting between Schwann cells and fibroblasts may be a key event for successful nerve repair. Their analysis reveals that cell sorting depends on two processes: the repulsion of Schwann cells by fibroblasts and the attractive adhesion of Schwann cells to one another. In ex vivo cocultures, primary rat Schwann cells and nerve fibroblasts sorted into mutually exclusive cell clusters, and this cell behavior required signaling via ephrin and its receptor Eph between the two cell types. Ephs are a large family of receptor tyrosine kinases that bind to ephrin ligands presented on the surface of apposing cells. Ephrin/Eph interactions in the nervous system induce a wide range of cellular behaviors including repulsive cell and axon guidance, synapse formation, and neuronal plasticity (Klein, 2009) , and ephrin/Eph signaling had previously been implicated in regenerative processes (Pasquale, 2008) . Ephrin ligands come in two flavors: A-type ephrins are anchored in the membrane by glycophosphatidylinositol (GPI) posttranslational modification and preferentially bind EphA receptors, and B-type ephrins are transmembrane proteins that preferentially bind EphB receptors. In the current study, cultured nerve fibroblasts are found to express high levels of ephrin-B2, which interacts with EphB receptors (mostly EphB2) expressed on Schwann cells. By manipulating the levels of ephrin-B2 and EphB2, the authors convincingly demonstrate that ephrin-B/ EphB2 signaling between fibroblasts and Schwann cells is necessary and sufficient for cell sorting and cluster formation in vitro.
Although ephrin/Eph signaling is thought to primarily induce rapid cell responses by controlling actin dynamics, Parrinello and coworkers speculate that Eph-mediated cell sorting may involve long-term changes in cell behavior by regulating gene expression. They find that the transcription factor Sox2, which plays important roles in the biology of stem and progenitor cells (Chambers and Tomlinson, 2009 ), including Schwann cell progenitors (Le et al., 2005) , mediates ephrin-B2-induced Schwann cell clustering. The treatment of Schwann cells with soluble ephrin-B2 ligand increases the abundance of Sox2 proteins in culture, and knockdown of Sox2 using small-interfering RNAs greatly reduces cell clustering in the coculture assay with nerve fibroblasts. Sox2 overexpression rescues the cell sorting deficiency of Schwann cells derived from EphB2 knockout mice, indicating that Sox2 acts downstream of EphB2. Moreover, EphB signaling via Sox2 relocalizes the cellsurface adhesion molecule N-cadherin to Schwann cell-cell contacts, providing an explanation for the increased attraction between Schwann cells and the formation of cell cords in the nerve bridge (Figure 1) . By manipulating the abundance of N-cadherin in Schwann cell cultures, the authors provide compelling evidence that N-cadherin is necessary and sufficient for cell sorting downstream of EphB2 and Sox2.
After having worked out the mechanism of Schwann cell-fibroblast communication, Parrinello and coworkers asked whether regenerating axons also respond to ephrins. After all, many populations of axons are guided by ephrin/Eph signaling during development (Egea and Klein, 2007) . In the nerve bridge, regenerating axons grow in close interaction with Schwann cells and segregate away from fibroblasts. However, unlike Schwann cells, the axons of sensory neurons are not repelled by ephrin-B2 protein, suggesting that they do not directly interact with the fibroblasts. When sensory neurons are instead explanted onto Schwann cells that had been cultured in the presence of stripes of ephrin-B2, the axons grow out onto the Schwann cells, forming fascicles that avoid the stripes of ephrin-B2. These findings demonstrate that ephrin/Eph signaling can influence axonal outgrowth indirectly by modulating Schwann cell behavior.
Finally the authors provide some evidence that EphB2 signaling mediates collective cell migration in vivo. To interfere with EphB2 function, sciatic nerve regeneration was observed in mice lacking EphB2 or in wild-type rats in which an inhibitory EphB2-Fc fusion protein is delivered to the nerve wound via miniature osmotic pumps. In both cases, axonal regrowth is reduced and appears less organized compared to controls. Given that regrowing axons almost completely overlap with Schwann cell cords, the authors conclude that EphB2 signaling directs the migration of Schwann cells and axons during the early phases of nerve repair in vivo.
Nerve repair is a very complex process, and despite these new and interesting findings, many questions remain unanswered. How important is ephrin/Eph signaling for nerve regeneration in general? Previous work has implicated the EphA4 receptor as an inhibitor of regeneration in the central nervous system (Pasquale, 2008) . Hence, ephrin/ Eph signaling may be both beneficial and detrimental to nerve repair depending on the specific context. A recent study also finds that Schwann cell migration is inhibited by ephrins, this time implicating GPI-anchored ephrin-As and their cognate EphA receptors (Afshari et al., 2010) . These observations suggest that multiple members of this large family of ligands and receptors may play important roles by regulating complex cell sorting behaviors among several cell types. The present study only investigated the response of sensory, not motor, axons to ephrins in ex vivo preparations. Given that hindleg-innervating motoneurons respond to both ephrin-As and -Bs during development (Luria et al., 2008) , it would be important to elucidate the ephrin responsiveness of regrowing motor axons of the sciatic nerve. The requirement of the transcription factor Sox2 for EphBdependent formation of Schwann cell clusters is intriguing and suggests that Eph signaling may regulate gene expression in development and disease. This aspect should be further explored in other Eph-dependent morphogenetic functions. The underlying intracellular signaling pathways may reveal new mechanisms of cell regulation.
In summary, the elegant work presented by Parrinello and colleagues establishes new insight into how nerve fibroblasts and Schwann cells interact in the nerve wound to form cords of Schwann cells that then provide a favorable microenvironment and a direct substrate for regrowing axons. They also uncover a new signaling pathway downstream of EphB2 via Sox2 and N-cadherin that at least partially mediates the cell sorting process, which ultimately leads to the formation of Schwann cell cords in the nerve bridge. These findings will undoubtedly stimulate further work on ephrin/Eph signaling in tissue regeneration. 
. Early Events in Peripheral Nerve Repair
After transection of the sciatic nerve (the edge of the proximal stump is shown on the left), Schwann cells that normally form the myelin sheath dedifferentiate and migrate into the nerve wound. Here, they come in close contact with fibroblasts that also populate the nerve wound. Activation of ephrin-B/EphB signaling between these two cell types activates a signaling cascade in the Schwann cell that leads to accumulation of Sox2 in the nucleus. Sox2-dependent transcription causes the relocalization of N-cadherin to Schwann cell contacts and promotes the formation of Schwann cell cords in the nerve wound. Regrowing sensory axons (in red) grow out onto the Schwann cells and form parallel axon fascicles.
